REPORT  DOCUMENTATION  PAGE 

- - - - - - AFRL-SR-BL-TR-0 1  - 

Public  reporting  burden  for  this  collection  of  information  is  estimated  to  average  1  hour  per  response,  induding  ttw 
gathering  and  maintaining  the  data  needed,  and  completing  and  reviewing  the  collection  oT  information  Send  com 

collection  of  information,  induding  suggestions  for  reducing  this  burden,  to  Washington  Headquarters  Services,  Oil  / 

Davis  Highway,  Suite  1204,  Arlington,  VA  22202-4302,  and  to  the  Office  of  Management  and  Budget,  Paperwork  Redufl  (o 

1.  AGENCY  USE  ONLY  ( Leave  I  2.  REPORT  DATE  |  3.  REPORT  TYPE  ANl,  Un ... 


4.  TITLE  AND  SUBTITLE 


2.  REPORT  DATE 


1/98-5/3L 


5.  FUNDING  NUMBERS 


Laboratory  Computer  and  Lecture  Demonstration 


6.  AUTHORS 


F4  9620-98-1-0473 
4276/AS 


Dr.  Gary  Karshner 


7.  PERFORMING  ORGANIZATION  NAME(S)  AND  ADDRESS(ES) 

St.  Mary's  University 
1  Camino  Santa  Maria 
San  Antonio,  TX  78228 


9.  SPONSORING  /  MONITORING  AGENCY  NAME(S)  AND  ADDRESS(ES) 
AF0SR/NI 

110  Duncan  Ave. ,  Rm  B115 

Bolling  AFB  DC  20332-8050 _ 


11.  SUPPLEMENTARY  NOTES 


8.  PERFORMING  ORGANIZATION  REPORT 
NUMBER 


DUNS  Q78500725 


10.  SPONSORING  /  MONITORING  AGENCY 
REPORT  NUMBER 


AFOSR 


12a.  DISTRIBUTION  /  AVAILABILITY  STATEMENT 

Approved  for  public  release;  distribution  unlimited. 


12b.  DISTRIBUTION  CODE 


13.  ABSTRACT  (Maximum  200  words) 

This  project  sought  to  improve  hands-on  access  to  modem  instrumentation  and  enhancement  of  students' 
classroom  learning  experiences  in  two  physics  courses.  The  outcomes  of  this  instrumentation  award  have 
been  to  double  the  capacity  of  the  introductory  laboratory  course  and  expand  the  number  and  variety  of 
physics  demonstrations  and  lab  experiments.  One  unanticipated  outcome  has  been  the  flexibility  to 
expand  course  offerings  to  a  second  sequence  of  calculus-based  physics.  This  addition  has  allowed 
students  who  enter  the  university  unprepared  for  the  regular  calculus  course  to  keep  up  the  physics 
sequences  so  that  they  are  not  a  year  behind  of  others  in  their  major  field.  This  project  has  affected  over 
140  students  per  year.  Students  have  increased  their  use  of  computers  to  solve  problems,  analyze  results 
of  experiments,  and  are  transferring  these  skills  across  courses  and  majors  on  a  routine  basis.  Faculty 
have  increased  the  number  and  variety  of  both  demonstrations  of  physics  principles  and  in  the 
experiments  they  design  for  student,  exercises.  All  goals  and  objectives  for  this  project  have  been  met  or 
exceeded. 


14.  SUBJECT  TERMS 

instrumentation 

infrastructure 


15.  NUMBER  OF  PAGES 


16.  PRICE  CODE 


17.  SECURITY  CLASSIFICATION  I  18.  SECURITY  CLASSIFICATION  I  19.  SECURITY  CLASSIFICATION  I  20.  LIMITATION  OF 


OF  REPORT 


NSN  7540-01-280-5500 


OF  THIS  PAGE 


OF  ABSTRACT 


ABSTRACT 

SAR 


Standard  Form  298  (Rev.  2-89) 
Prescribed  by  ANSI  Std.  Z39-1 
298-102 


20010501  082 


Final  Performance  Report 


St.  Mary’s  University’s  Physics  Department’s  project  funded  by  AFOSR  entitled 
"Laboratory  Computer  and  Lecture  Demonstration  Instrumentation"  has  more  than  succeeded 
in  meeting  its  objectives  to  give  our  students  both  hands-on  access  to  modem  laboratory 
instrumentation  and  to  enhance  their  classroom  learning  experience.  It  has  allowed  us  to 
double  of  our  introductory  laboratory  course  capacity.  We  are  now  regularly  running  two 
introductory  laboratories  simultaneously,  one  for  general  algebra-physics,  one  for  calculus- 
physics. 

An  unforeseen  outcome  is  the  added  flexibility  that  this  equipment  has  given  us  in  that 
it  allowed  the  expansion  of  our  offerings.  We  have  added  a  second  sequence  of  calculus-based 
physics  that  starts  in  the  spring  along  with  the  second  term  of  the  calculus-based  course  that 
starts  in  the  fall.  This  course  allows  students  who  don't  pass  the  calculus  readiness  test  when 
they  arrive  in  the  fall  to  start  their  sophomore  year  in  sync  with  their  calculus-ready 
classmates.  Thus,  they  will  not  be  a  discouraging  year  behind  when  they  start  their  sophomore 
year. 

Our  algebra-based  physics  classes  are  now  approaching  a  hundred  students  per  term. 
These  students  are  typically  biology  majors  in  their  junior  or  senior  year,  whereas  the  students 
in  the  calculus-physics  courses  are  typically  freshmen  or  sophomores.  These  classes  are 
accommodating  about  forty  students  through  the  two  term  sequence  every  year. 

The  instrumented  computers  are  allowing  our  students  the  hands-on  experiences  we 
desired.  They  are  able  to  take  their  data  using  a  computer  and  analyze  their  results  on  the  same 
machine.  There  are  enough  machines  so  that  every  pair  of  students  has  access  to  a  computer 
and  experimental  setup.  For  example:  In  studying  the  harmonic  oscillator  (a  mass  hanging 
from  a  spring),  an  ultrasonic  distance  measuring  probe  allows  the  computer  to  follow  the 
actions  of  the  mass  as  it  bobs  up  and  down.  The  data  are  analyzed  to  show  the  change  in 
distance,  velocity  and  acceleration  with  time.  The  relationship  between  these  quantities  has 
been  discussed  in  class,  but  here  having  the  student  experimentally  determine  these  results  and 
see  that  they  are  consistent  with  the  theoretical  model  derived  in  class  reinforces  the  lesson. 

Most  of  our  other  experiments  make  use  of  the  other  probes  along  with  the  computers 
purchased  through  the  grant.  This  includes  a  number  of  new  computerized  experiments  such  as 
the  determination  of  the  absolute  zero  of  temperature  using  both  the  new  pressure  and 
temperature  probes  simultaneously.  Varying  the  temperature  of  a  sealed  flask  and  observing 
the  change  in  internal  pressure  that  results  demonstrates  that  they  are  linearly  related  to  each 
other.  Extrapolating  the  temperature  to  where  the  pressure  becomes  zero  is  the  location  of 
absolute  zero. 

One  of  the  more  pleasing  improvements  is  that  even  when  the  experiment  or  exercise 
does  not  require  it,  the  students  regularly  use  the  computers  to  reduce  their  laboratory  data. 
This  practice  is  the  result  of  the  computer  being  always  at  hand,  and  the  students  have  used  it 
enough  to  be  comfortable  with  it. 

The  new  lecture  demonstration  equipment  enhances  the  lecture  component  of  our 
course.  For  example,  the  standing  wave  apparatus  allows  us  to  show  the  students  the  similarity 
between  the  standing  waves  in  a  tube  and  those  on  a  string.  This  demonstration  illustrates  the 
power  of  physics  models  in  that  the  equations  and  concepts  developed  to  examine  the  standing 
waves  on  a  string  can  be  applied  to  sound  waves  in  air  as  well.  The  physics  laser  disk  has 


rounded  out  our  collection  of  demonstration  videos  that  show  many  demonstrations  that  are  too 
difficult  to  set  up  or  that  have  animation  that  greatly  enhances  the  students’  understanding  of 
what  is  happening. 

The  laptop  computer  is  used  both  to  aid  in  astronomy  course  presentations  and  to  speed 
up  the  use  of  our  telescope  for  celestial  observing  by  students.  The  money  saved  on  the 
computers  was  put  toward  the  purchase  of  a  combination  Michelson  Fabry-Perot 
interferometric  system  that  gives  us  a  high  quality  instrument  to  run  laboratory  exercises  for 
the  introductory  classes  as  well  as  allow  the  advanced  students  to  use  this  interferometric 
system  to  measure  some  of  the  more  subtle  phenomena  of  modern  physics.  This  term  the 
modern  laboratory  class  measured  the  fine  line  shift  between  the  spectral  lines  of  hydrogen  and 
its  isotope  deuterium. 

We  have  observed  in  the  labs  that  students  are  transferring  knowledge  about  the  use  of 
this  equipment  and  computer-aided  analysis  to  other  courses.  Therefore,  one  objective  to 
increase  the  use  of  modern  equipment  in  problem-solving  has  also  been  met.  Over  all,  this 
equipment  has  made  a  significant  difference  in  the  responses  of  students  to  lab  experiences  and 
in  the  number  and  types  of  experiments  we  are  able  to  conduct  to  demonstrate  physics 
principles.  We  believe  we  have  more  than  met  the  original  goals  of  this  project. 


